cDNA sequencing: Methods for sequencing and bioinformatic analysis are described in detail elsewhere [1, 2] . Briefly, randomly picked clones were sequenced from the 5' and 3' ends at the NIH Intramural Sequencing Center (NISC). Grouping and identification of sequence tags (GRIST) were used to analyze and assemble the data [2] . Clusters of sequences were also examined using SeqMan II (DNAstar, Madison, WI) to check assembly of clusters and to examine alternative transcripts. Sequences are available through NEIBank.
Chip fabrication: cDNA sequences from the new rabbit eye libraries were combined with available rabbit sequences from the National Center for Biotechnology Information (NCBI) dbEST database. Paracel Transcript Assembler (PTA; Paracel Inc., Pasadena, CA), which performs a series of sequence cleaning, chimera sequence identification, sequence clustering, and sequence assembly steps, was used to generate a set of nonredundant sequences (contigs) [3] . For each contig, a homology search was performed using the BLASTX and BLASTN application of Paracel BLAST version 1.5.6 (Paracel Inc.) against the NCBI NR and NT databases, respectively. The e-value threshold was set at e-4.
BLAST results were parsed and stored in BlastQuest [4] , a SQL database, developed by ICBR that facilitates the management of BLAST results and GeneOntology Consortium (GO) [5] term browsing. AssemblyFilter software, also developed by ICBR, was used to query the top 100 BLAST hits for each contig against the NCBI Gene database, which contains annotation information, including gene function, based on GO terms and metabolic pathway association based on GenMAPP and KEGG pathway database maps [6] . The GO terms and pathway information associated with the lowest evalue and consistent between NR and NT search were assigned to the query assembly. In cases where two contigs mapped to the same gene, the contig assembled from the smaller number of sequences was eliminated to minimize gene redundancy within the entire set of contigs. Finally, AssemblyFilter and ESTScan [7] were used to determine the sequence orientation.
Contigs were submitted to Agilent Technologies (Palo Alto, CA), where a number of probes were designed for each contig with the company's software. Multiple probes were designed for each contig and quality scores, ranging from 1-4, accompanied each designed probe. Due to limited space, we chose to only include one probe per contig and probes with one of the two highest quality scores on the array. Unfortunately, not all the contigs with high quality probes that were designed could fit on the array. All probes with homology to a sequence in the NR database were placed on the arrays. The remainder of the space on the arrays was filled with probes for which we could not find a homologous sequence. Custom arrays were manufactured on glass slides on which 60-base oligonucleotide probes were synthesized in situ with a noncontact printer. Two separate rabbit arrays were manufactured in the eight-pack format (eight individually hybridizable 1.9K arrays per piece of glass). The first set covered 1,577 genes obtained from anterior tissue, while the second set covered 1,577 genes expressed in the posterior tissue. No probe was common to both arrays. Each set of the 1,577 elements included 10 positive and five negative rabbit controls. The remaining elements were Agilent probes for scanner alignment and evaluating dye bias.
Glaucoma filtration surgery: Six eight-to nine-weekold male New Zealand white rabbits were obtained from Charles River Laboratories (Wilmington, MA). Animals were treated according to the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research and in compliance with institutional animal use and care guidelines. GFS was performed using guidelines described in reference [8] . Briefly, the eyelids were retracted using an eyelid speculum. A partial thickness, corneal traction suture was placed in the superior cornea and used to rotate the eye inferiorly. A limbus-based conjunctival flap was fashioned in the superior lateral quadrant of the eye, approximately 8 mm from the limbus. The conjunctiva and Tenon's capsule were undermined by blunt dissection until the limbus was reached. A clear corneal paracentesis tract was made between the 5 and 7 o'clock positions using a Beaver blade (Becton Dickinson & Co., Franklin Lakes, NJ) and a viscoelastic material (Healon® 10 mg/ml, Pharmacia & Upjohn) was injected to maintain the anterior chamber.
Starting close to the limbus, a needle tract tunnel was created through the sclera and into the anterior chamber using a
TABLE 1. PRIMER AND TAQMAN® PROBE SEQUENCES FOR SELECTED RABBIT GENES

Gene
Forward primer TaqMan probe Reverse primer Nucleotide sequence of the TaqMan® probe and both forward and reverse primers used in real-time PCR reactions. The probe and primer sequences used in real-time PCR reactions and the microarray probe for individual rabbit genes were designed from the same contig.
beveled 22G, IV cannula (Insyte®; Becton Dickinson Vascular Access, Sandy, UT). To reduce the risk of later iris obstruction the cannula was positioned so that its orifice was beyond the pupillary margin, following withdrawal of the metal cannula stylus. The distal end of the cannula was then truncated so that its extrascleral portion was about 1mm in length. The cannula was then tethered to the sclera, to prevent dislodgement, with a single, encircling 10-0 nylon suture (Ethicon Inc., Somerville, NJ). The conjunctiva and Tenon's capsule were finally closed in separate layers, in a watertight fashion, using an 8-0 polygalactan (Vicryl®; Ethicon Inc.) attached to a BV needle and a combined neomycin and dexamethasone ointment instilled into the cul-de-sac. RNA isolation and target labeling: Rabbits were sacrificed 14 days after surgery. An approximate 4x4 mm section of bleb tissue, consisting of conjunctiva and Tenon's capsule was harvested, immediately placed in a 1.5 mL microcentrifuge tube, snap frozen in liquid nitrogen, and stored at -80 °C. Conjunctiva and Tenon's capsule tissue from the control eye was harvested, frozen, and stored in the same manner.
Total RNA was extracted from tissue with an RNeasy® Mini column (Qiagen, Valencia, CA). The quality of each sample was evaluated from a 200 ng aliquot with a 2100 Bioanalyzer (Agilent Technologies). Quality was assessed based on the relative abundance of the 18 and 28s ribosomal bands and on the presence of baseline rise, both of which revealed no RNA degradation. A 400 ng aliquot of total RNA was used as template for complementary DNA (cDNA) synthesis with the Low RNA Input Fluorescent Linear Amplification Kit (Agilent Technologies) according to the manufactures protocol. The subsequent cDNA product served as a template for in vitro transcription (IVT), during which one of two cyanine-labeled nucleotides (Perkin Elmer, Wellesley, MA) was incorporated into the synthesized cRNA. All RNA samples from the control eyes were labeled with cyanine 3-CTP (Cy3) while bleb samples were labeled with cyanine 5-CTP (Cy5). IVT reactions were cleaned with RNeasy® Mini columns (Qiagen), and both cRNA concentration and specific activity were measured with a ND-1000 spectrophotometer (NanoDrop Technologies Wilmington, Delaware). The quality of each cRNA sample was evaluated from a 200 ng aliquot with a 2100 Bioanalyzer (Agilent Technologies). Quality was assessed by total yield, specific activity of product, and by the presence of a smooth, mRNA-shaped curve of an appropriate range in fragment size.
Array hybridization and generation of expression values: Labeled cRNA samples were processed by the University of Florida's Interdisciplinary Center for Biotechnology Research (ICBR) Gene Expression Core Facility (Gainesville, FL). For each rabbit a 100 ng aliquot of the Cy5-labeled sample was combined with a 100 ng aliquot from its paired Cy3-labeled control. This mixture was incubated at 60 °C for 30 min in a high salt buffer to fragment the labeled cRNA into 30-200 base strands. Arrays were hybridized at 60 °C for 17 h in a rotating oven. After hybridization, arrays passed through both a low and high stringency wash according to the manufacture's protocols. Arrays were dried with filtered nitrogen gas and scanned in each of two wavelengths (green: 570, red: 670) with an Agilent G2505 B Scanner (Agilent Technologies). Signal values were corrected for both local background and potential differences in hybridization intensity across the array. A red:green signal ratio was calculated for each element, Figure 1 . Examples of images generated from scanned microarrays. Example of an image generated from a scanned eight-pack microarray (A) and a single 1,900 element (B) microarray. Each circle represents a unique spotted probe. Red probes indicate that gene expression in the surgically treated eye is higher than in the control, while green marks higher gene expression in the control. Yellow indicates no difference in gene expression between the surgically treated and control eyes. Black denotes absence of detectable signal. and ratios were normalized with a lowess transformation. All corrections and transformations of signal values were performed with Feature Extraction software version 8.1 (Agilent Technologies).
A one-group Student's t-test was performed on log2 transformed signal ratios of each probe individually. The null hypothesis, that surgery does not affect probe transcript level, was rejected if the ratio were significantly different from zero. Statistical tests were performed with AnalyzeIt Tools software developed by ICBR.
Real-time polymerase chain reaction: Quantitative realtime polymerase chain reaction (PCR) was performed on bleb and control RNA samples for five rabbit genes: interleukin 1-β (IL1β), matrix metalloproteinase-9 (MMP9), transforming growth factor-β1 (TGFβ1), transforming growth factor-β2 (TGFβ2) and fibronectin (FN1). Real-time PCR was simultaneously performed for 18s ribosomal RNA, and its expression served as an internal control. All primers and TaqMan® probes were designed and synthesized by Applied Biosystem (Foster City, CA; Table 1 ). Reverse transcription was primed with random hexamers. Real-time reactions were performed in a 25 µl volume containing a 1X solution of TaqMan® Universal PCR Master Mix, 200 nM of forward primer, 200 nM of reverse primer, 50 nM of probe, and 20 ng of template cDNA. The reaction was initially heated to 50 °C for 2 min, then the temperature was raised to 95 °C for 10 min, and followed by 40 cycles of 95 °C for 15 s and 60 °C for 1 min. All real-time reactions were performed with the 7900HT sequence detection system (Applied Biosystems, Foster City, CA). Both bleb and control samples were assayed in triplicate. Relative quantitative of expression levels was determined for each gene. All results are expressed as an expression ratio of the bleb to control tissue, normalized against 18s expression levels.
RESULTS
Sequencing:
For each library, 3,840 clones were sequenced from both 5' and 3' ends. After removal of empty vector, E.coli and mitochondrial contaminants, high quality sequences were obtained for 3,118 and 3,418 clones from the anterior tissue library (library identifier: naf) and posterior tissue library (library identifier: nag), respectively. The average quality read length was 599 bases for naf and 626 bases for nag. After GRIST analysis, the naf data yielded 1,929 potentially unique gene clusters, while nag produced 1870 clusters. Annotated sequence information is available at the NEIBank rabbit library website. In addition, names and annotation of microarray probes for all contigs and those represented on each microarray can be found at the University of Florida Ophthalmic Gene Microarray Project.
Treatment effects: An example of a scanned slide is shown in Figure 1 . Of the 3,154 total probes present on the two arrays, 2,522 had a signal value above the background, in either the red or green channel, on at least two experimental arrays. Genes represented by these probes were considered present. The remainder were considered absent (no expression under any experimental condition). However, some of the absent calls may be attributed to "bad" probes which have suboptimal hybridization characteristics and may not work under any experimental conditions. Only future hybridizations under different experimental conditions will allow us to determine which probes need to be redesigned.
A one-group Student's t-test was performed on log2 transformed signal ratios (red versus green) to identify genes whose expression was significantly effected by GFS. The null hypothesis was rejected if the ratio was significantly different form zero. The expression of 71 and 315 (Table 2 ) genes was significantly altered by GFS at the p=0.01 and 0.05 level, respectively. The expression of 26 genes changed by more than two-fold and the expression of five by more than four-fold (Table 3) . Of the 26 genes that changed by more than two fold, only 16 had an assigned GO annotation for biological process ( Table 3 ). The biological process connected with all but two of these genes is characteristic of those associated with tissue injury and healing.
Real-time polymerase chain reaction: Sufficient quantities of RNA were only available to perform real-time PCR on four of the six original rabbit ocular samples. The changes in expression level of IL1B, MMP9, TGFB1, TGFB2, and FN1 are listed in Table 4 . Of these five genes, the expression of two, IL1B and MMP9, increased dramatically (>100 fold). The expression of two, FN1 and TGFB1, increased moderately (three-to six-fold) and the expression of one, TGFB2, was unchanged. The array-based expression changes in IL1B, MMP9, and FN1 were generally consistent with those of realtime PCR in that the expression of both IL1B and MMP9 increased significantly and dramatically. For example, of the 3,155 genes present on the array, IL1B and MMP9 had the second and fifth largest change in gene expression, respectively. Additionally, the expression of FN1 increased significantly, but to a lesser degree than IL1B and MMP9.
Real-time results for TGFB1 and TGFB2 were more difficult to interpret. For TGFB2, the signal values in the green channel were inordinately high. Only on the fourth array, where there was a small increase in the red signal, were the real-time and array results consistent. For TGFB1, the results were difficult to interpret because all the signal values were close to background levels. On two of the arrays, gene expression goes from present to absent, but the remaining two, gene expression goes from absent to present. Therefore, an accurate estimate of fold change was not possible.
DISCUSSION
Rabbits, because of their large eyes, ease of handling, and cost effectiveness of their use, have become an important and standard ophthalmic animal model for many surgical experiments as well as for the development of new devices and medical therapies. To date, the research community has been forced to use commercially available chips for similar model systems (rat) due to the absence of rabbit arrays. When this project was initiated, only a small amount of rabbit sequence was available from which microarray probes could be designed. To this end, we have successfully sequenced cDNA inserts from clones Genes whose expression was significantly (p less than or equal to 0.05) altered by glaucoma filtration surgery. Mean log2 difference is the level of gene expression in tissue surrounding the surgical site compared to similar tissue from control eye. The p value represents the level of significance in treatment means, the hit definition is the name of the most homologous gene, and E-value is the level of confidence that the matched name is incorrect.
Mean log2 Probe name p value difference Hit definition E-value -----------------------------------------------------------------------------
originating from rabbit ocular tissues. These sequences are available to the public. In addition, we developed two rabbit arrays containing a total of 3,154 unique contigs.
To the best of our knowledge, this study represents the first report using a rabbit microarray. Because so little rabbit sequence was available prior to this study, it was difficult to make direct comparisons with other rabbit studies, which have focused only on the expression of one or a few genes. Therefore, we compared our results with those from other model systems. Because direct comparisons were made between species and with nonhomologous, studies we compared the general biological interpretation of results between studies.
In a generalized model of wound healing, initial tissue injury stimulates various signaling events including the release of local cytokines and growth factors that eventually led to the production of structural proteins that are components of the extracellular matrix. To evaluate the biological validity of our rabbit microarrays we compared the results with those of our previous rat GFS study [9] . In our rat microarray study, we examined changes in gene expression 2, 5, and 12 days after GFS using the Affymetrix rat 230A GeneChip®. In our current study we took samples only 14 days after surgery. This, in general, mimics the day 12 sample in the rat study. Both the 12-and 14-day sampling times correlate with the latter stages of the wounding response. Therefore, we would not only expect to find similarities between our rabbit 14-day and rat 12-day results, but we would also expect to find gene expression differences characteristic of a late wound stage, principally in genes associated with the structural process of wound healing.
TGFB2 and connective tissue growth factor (CTGF) are two growth factors that mediate the wound-healing process. Their expression generally peaks early in the wound-healing response. For both transcript levels in the rat [9] and protein levels in rabbit [8] , CTGF was found to reach peak expression levels 5-7 days after surgery. In both cases CTGF expression levels returned to presurgical levels by days 12-14. Like the results from the rat microarray, we found no significant difference in CTGF expression on day 14 (Table 2 ). In our rat GFS microarray study, we found the expression level of TGFB2 decreased 2.5 fold by day 12 [9] . In this study, the TGFB2 expression level decreased 71%, but this difference was not significant.
In our rat GFS model, scar tissue began to form 7-14 days after GFS [9] . Consistent with this scarring, we saw an increase in the expression of genes which act as structural components of the extracellular matrix. In particular, we found the expression of various collagens, procollagens, biglycan, fibronectin, lumican and vimentin to increase five days after surgery [9] . Expression level of these genes was still elevated on day 12. The results of our current study are, in general, consistent with these results. On day 14, we found both lumican and fibronectin had significantly increased (Table 2) . Additionally, lysozyme, a gene thought to be directly involved with the defense against bacteria [10, 11] , was significantly increased in both the rat and rabbit microarray studies (Table 2) . Finally, in our current study MMP9 was one of the genes that increased the most (Table 3 ). In the rat microarray study, however, MMP9 increased only on day 2 and 5 and was back to control levels on day 12 [9] . A number of genes that changed the most on the rabbit array (serum amyloid protein A-1 [SAA1], serum amyloid protein A-3 [SAA3], cystine-rich secretory protein-3 [CRISP3], and alpha-1-acid glycoprotein [AGP]) were not present on the rat array, thus, no comparisons could be made with these results.
The acute-phase response is an immediate set of nonspecific host inflammatory responses to tissue injury, surgical trauma, or infection. The response is characterized by the release of proinflammatory cytokines, particularly interleukin-6 (IL6), tumor necrosis factor-alpha (TNFA), and IL1B, which stimulate and mediate the hepatic synthesis and subsequent release of acute-phase proteins (APP) into the blood steam [12] [13] [14] . An APP has been defined as one whose plasma concentration changes by at least 25% during inflammation [14] . The concentration of some APP, however, is known to increase by as much as 1,000 fold [13] . The systemic nature of this response constitutes an innate immune response and the APP function to restore homeostasis, neutralize pathogens and promote conditions necessary for tissue repair. APP production in extrahepatic tissues has also been observed in many mammal species and constitutes a local, rather than systemic, response [12] [13] [14] [15] .
As further biological validation of our rabbit microarrays we would expect to see changes in the expression of genes associated with an acute-phase response, the repair of tissue, and the defense against pathogens. We did find significant changes in the expression of genes involved in the acute-phase response. Of the three primary cytokines that helped mediate this response, only IL1B, IL6 are represented on our rabbit arrays. The expression of both increased significantly; ILB1 by 8.6 fold and IL6 by 13% ( Table 2 ). The gene with the largest increase in expression (22 fold), SAA3 and its family member, SAA1, which increased 2.3 fold, are classified as acutephase reactants [13] (Table 3) . Serum amyloid A consists of a family of apolipoproteins that are highly conserved across all vertebrates and are sensitive markers for inflammation [12, 14, 16] . SAA3 is the predominant extrahepatic form in rats, mice, and rabbits [12, 17] and was required for effective stimulation of collagenase by IL1B in rabbit corneal fibroblasts [18] .
The transcript level of three other APP genes, AGP, ceruloplasmin (CP), and FN1 was significantly increased following GFS. Both AGP, whose expression increased 7 fold, and CP, whose expression increased 3.3 fold, are believed to act as antiinflammatory and immunomodulatory agents (Table 3) . Therefore, it has been hypothesized that their extrahepatic expression functions to reduce inflammatory induced tissue damage [14, 19, 20] .
TABLE 4. REAL-TIME PCR RESULTS
Transforming growth factor beta 2 Interleukin-1 beta Transforming growth factor beta 1 FN1 gene expression increased 2.5 fold following GFS (Table 3 ). In humans, it appears that a single gene codes for two distinct forms, cellular and plasma. The plasma form is classified as an APP. The cellular form, however, is the major cell surface glycoprotein of many fibroblast cell lines. A major FN1 function is in the adhesion of cells to extracellular matrix (ECM) materials, particularly collagen, and its presence is therefore instrumental in tissue repair [21] . We observed the transcript expression level of two other ECM-associated genes, lumican (LUM) and MMP9, to be increased after GFS. LUM increased 2.5 fold (Table 3) . LUM is present in large quantities in the corneal stroma, where it not only interacts with collagen molecules to limit fibril growth, but also plays a critical role in the regular spacing of fibrils and acquisition of corneal transparency [22] . MMP9 expression, increased 3.6 fold. MMP9 is an endoprotease that cleaves matrix substrates, such as gelatin and collagen types IV, V, and VII, and therefore, plays a major role in the alteration of the ECM after tissue injury [23, 24] . MMP9 was shown to be upregulated at both the transcriptional and translational levels by SAA in human THP1 cells [23] . Also of note is that MMP9 was found to be upregulated at both the mRNA and protein level in mononuclear blood cells of normal-tension glaucoma patients [24] .
As with the increase in the expression of genes associated with the acute-phase response and tissue repair, we found the expression of defense-related genes to increase. The expression of lysozyme C and CRISP3, which are principal enzymes of the innate immune system, increased 2.5-and 3.6 fold, respectively (Table 3) . Lysozyme is a protein that degrades bacterial cell walls. It is a component of granules of neutrophils and the major secretory product of macrophages [10, 11] . Similarly, CRISP3, which was originally purified from human neutrophils, is present in the gelatinase granules of human neutrophils, along with lysozyme, collagenase, and gelatinase [25] .
It is clear that our rabbit microarrays are providing gene expression results that are compatible with those found in similar tissue injury, wound healing and GFS surgery studies. For example, the genes that changed the most, SAA1, SAA3 AGP, and FN1 are acute-phase reactants. If not directly involved, they are at least markers for inflammation. Other genes showing large changes include IL1B, which is known to mediate inflammatory responses, LUM and MMP9, which are associated with degradation and/or remodeling of the ECM, and both lysozyme and CRISP3 which are implicated as a direct defense against pathogenic challenge. Our microarray results are also generally consistent with the magnitude and direction of real-time PCR results when microarray signal values are well above background levels.
The availability of rabbit microarrays affords a new and unique opportunity for identifying molecular controls for ocular processes. An addition benefit is that these microarrays have been successfully used for a nonophthalmic study involving vascular tissue (Dr. Scott Berceli, personal communication). Fortunately, relatively few genes exhibit tissue-specific expression, and therefore, fulfill a similar function in different cell types. Thus, gene-expression and associated cellular behavior and responses across multiple tissue types, including epithelial, connective, neurological, and immunologic, may potentially be investigated using this technology, implying a utility for more than ocular research alone. The greatest limitation of these microarrays is that they only represent approximately 3000 unique genes. Further sequencing is underway to obtain a greater coverage of the expressed rabbit genome. This will no doubt, enhance the utility of the rabbit microarrays.
